A high beam power of 1.15 MW in the proposed 16-GeV Proton Driver [ I] implies serious constraints on beam losses in the machine. The main concerns are the hands-on maintenance and ground-water activation. Only with a very efficient beam collimation system can one reduce uncontrolled beam losses to an allowable level. The results on tolerable beam loss and on a proposed beam collimation system are summarized in this paper. A multi-turn particle tracking in the accelerator defined by all lattice components with their realistic strengths and aperture restrictions, and halo interactions with the collimators is done with the STRUCT code [2]. Full-scale Monte Carlo hadronic and electromagnetic shower simulations in the lattice elements, shielding, tunnel and surrounding dirt with realistic geometry, materials and magnetic field are done with the M A R S 1 4 code [3]. It is shown that the proposed 3-stage collimation system, allows localization of more than 99% of beam loss in a special straight section. Beam loss in the rest of the accelerator is 0.2 W/m on average.
TOLERABLE BEAM LOSS
To determine tolerable beam loss, MARS 14 simulations are done in the arc cells. Regulatory requirements [4] are taken as the limits to be met. A detailed lattice description with dipoles, quadrupoles and long bare beam pipes has been implemented into a 3-D model with corresponding materials and magnetic field distributions (see Fig. 1) . A 16-GeV proton beam is assumed to be lost on a beam pipe at a grazing angle of 1 mrad inward. It is distributed uniformly along the arc lattice. Results are normalized per 1 W/m beam loss rate, that corresponds to 3 . 9~ los p/(m.sec). In this simplified model, a round 2-m radius tunnel with the beam line in the center is assumed with a 0.4-m concrete wall followed by a NuMI-like dirt [4] . The later, probably, gives the worst-case situation for ground-water activation. The allowable losses can be noticeably higher in dolomite or the Fermilab Booster location. Dose accumulated in the hottest spots of the coils, residual dose rates on the outer surface of the lattice elements after 30 days of irradiation and 1 day of cooling, and ground-water activation and dose attenuation in the surrounding dirt are calculated.
Maximum residual dose rates calculated for the arc elements at 1 W/m uniform beam loss are shown in the third column of Tab. 1 . The table gives also the peak dose accumulated in the coils and the parameter Ctot calculated according to [4] . The last column gives correspond- P,=IOO mrem/hr, D=20 Mrad/yr and Ctot=l. The dose near the bare beam pipes exceeds the design goal for hot regions of 100 mremhr; it is noticeably lower near the magnets due to significant absorption of soft photons in the dipole and quadrupole materials. One sees that hands-on maintenance is a serious issue with about 3 W/m as a tolerable maximum beam loss rate in the lattice elements, except for the long bare beam pipes where one should decrease the loss rate to 0.25 W/m to reduce the dose to 100 mrem/hr. One needs further reduction to bring the dose down to a good practice value of about 10-20 mrem/hr. Alternatively, one can think of providing simple shielding around the bare beam pipes. For ground-water activation CtOt=0.975 immediately outside the 40-cm tunnel wall, that allows 1.03 W/m beam loss rate. The peak accumulated dose in the coils is about 2 Mrad/yr at 1 W/m beam loss rate. 
COLLIMATION SYSTEM
Assuming that 1 % of the beam is lost at the top accelerator energy, this amounts to 11.5 kW of power distributed around the ring with a peak loss of up to 3 kW/m on several quadrupoles. This level is about 3000 times higher of that which can be accepted in the arcs. The purpose of the beam halo cleaning system is to localize proton losses in a specially shielded short section, thus to reduce irradiation of the rest of the machine to the acceptable levels. The secondary collimators are located with a small offset with respect to the primary ones, at an optimal phase advances for particles interception during the first turn after interaction with the primary collimators (Fig. 3) . It is assumed that 10% of intensity is lost at injection, and 1 % at the top energy.
Tab. 3 summarizes results of the collimation system optimization. Secondary collimators generate out-scattered particles lost later in the lattice. One can reduce this component with supplementary collimators placed farther from the beam to catch particles out-scattered from the secondary ones. We found that optimal thickness of tungsten primary collimators is 1 mm and length of secondary and supple- With collimators in a fixed position with respect to the beam orbit, -99% of the beam halo energy is intercepted in the 60-m long collimation section. About 1% is lost in the rest of the machine with the mean rate of 0.12 W/m. At several locations the beam loss is noticeably higher (-7 W/m), exceeding the tolerable rates. These 'hot' locations should be taken care of via local shielding. Using a local bump which keeps the beam at the edge of the primary collimators and close to the first secondary collimators during the cycle one can localize a majority of the beam loss in a 35-m long region and to reduce the average loss in the ring to 0.05 W/m. The mechanical design of the collimators will be similar to those already built and installed in the Tevatron for Collider Run I1 [ 11. The collimators consist of 2 pieces of stainless steel, 0.5 m long, welded together in an "L" configuration. 11.5 KW of power can be removed from a single collimator by circulating low conductivity water through cooling channels on the outside of the collimator box (Fig. 5) . 
SENSITIVITY ANALYSIS
Closed orbit and betatron tune deviations during the cycle and from cycle to cycle change collimator offsets with respect to the circulating beam, phase advances between collimators and distance to the resonances. These affect a collimation efficiency. The results of a sensitivity analysis are shown in Tab. 4. 
BEAM ACCIDENT
Let's consider a consequence to the machine components of an uncontrolled loss of a single pulse at 16 G e V 3 x I O l 3 protons in Phase-I (1.2 MW) and 1 x 1014 protons in Phase-I1 (4 MW). A beam after painting is assumed of a quasirectangular shape of a 7 x5 mm half-size. It hits a beam pipe at a grazing angle or a jaw of a secondary collimator. Initial temperature is assumed to be 27°C.
An elliptical beam pipe dimensions are 5 x9 inches with stainless steel walls 5 and 50 mils thick. Beam grazing angles are a = 2 , 5 and 10 mrad. Depending on the P-function, the maximum instantaneous temperature rise ranges from 33 to 38.5"C for a 5-mils beam pipe and from 41 to 48°C for a 50-mils beam pipe for the Phase-I beam. At the Phase-I1 parameters, these numbers are roughly three times higher being still quite acceptable. Accidental loss of sequent pulses on a beam pipe exactly at the same location is unlikely.
A single 16-GeV pulse of 3x 1013 protons hits normally a center of a 3 cm thick and 80 cm long stainless steel jaw of a secondary collimator. An instantaneous temperature rise in the jaw immediately after the pulse reaches its maximum value of 5OoC at the beam axis at a 8-cm depth in the jaw. At the Phase-I1 parameters, this value is roughly three times higher, that is quite acceptable. With an appropriate cooling system, several such pulses on the same collimator would be allowed.
